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xav znmmco&KK k i>-Wb%&miz. >j>% 

mmt'gmizmmzz t mat +17*4 
m. 

iet. 1 1 1 -viHt^wNwwsifttjfifis**x 
«fc*5Sfcff9ifc*«ak-r4ii«JHifcL<»42 

[HRR1I6 1 mm 1 H£4 l vfftjWcfa»<9T^ * 
U KE»2«)JB<otB£»l<oJikJ4R«^)ll»»6, ^=Sr 

fi»fciws*uc< v^vio6«**tri k zmit-r& 

[mass i mam 1 m.4 trftdrt&sm&f'U * 
ofcmmi> l < amm7 izsmcoit^mmimm 

ftfc»4W«!HIW**i=flrv»J: 3 fcfH - k £#Sk 

[M*«9 3 mm 1 JS4 ^-«x**fc£a«)r/^ x 
cotofctr&t, L< «3(S^5^8vvfihjWcaai«>fl: 



[n#i i o ] mm 1 7iS9 ^t^fciiawfWE* 

* 2 0 %aT*SHf ± 3 tff 5 £ fc HtSk 

imm i i 3 wti mmo v^-«uw:a«^* 

tztt%<r)W*irt5ti3: ^aXHTfc* 4 «fc 3 KfB £ k 
[fWSS 1 2 3 M*Jg 1 1 1 ^-rtiMzMStcrfcfS. 

imm 1 3 3 mm im.\2 ^-rtU)Hz§m<m& 

[ffl^JB 1 4 3 gfc&I 1 7S£ 1 3 v vtftawcaaaf&S 

imm 1 5 3 HS8 1 1 4 v^-ftuwcsa^* 

**«r«fl<«i«fc J: 0 , mBihcomizmXcoi!: 
ft. 

[fg*« 1 6 3 mem im.15 \rniMzmtim$. 

*). I nGaAsNk^S£k2:!mSk-tSff^6ft. 

1 7 3 mm 17^16 v»t%wcasBW)fi!* 

R^#pmx'hhztzimt-$-mm\ 7ta«£o 
immi 93 its^ssstiiiswcfcoT. m 

1 7 1> L < « 1 8 (cBB^r^^ ^ £ P — f k LX 

imm2 0 3 m j %*&mt&mmi'X'rJ»x'*>i 
x. %m*imtz>m.m%b ixmmi 9 tie® 

[00013 

immi-zmm] ^^i-t^wii 
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[00023 

itmomi mi. ymmmt txm^tix^t 

I nGaAsP/I nP^tf^S^t^T^TV^ 
aKO±»fc J: o T «PSfc* * U y o- L 

fcftoto*. ftj£t=5roT. A 1 fflflMIALfcA 1 
Gal nAs&ffllri££fcr. ^^MS*Ht*HlB(#$ 

[00033 V@OT«t LTS**#*.Lfc5Rfc 

u-*ftLxmm^z>ztt> i z'*&. mm. Ga as 

ffllte. SSfiJ&O. 5%»InGaAsN^if# 
FltUlGaAs t Lfc#-fi?#FU- 20 

me 96 mmmm^^mm 2 7 P -c 

yV*7±vh5LAEct>m%lZ*Z<. 500meV 
ffl&t I nGaAsP$05£eft0>B£3C*-. 

*>S. fHEK ±EcOU— rT'{i#tt«BJSTo= 1 26K 
ta^I nP^c7)U-1f(0^2«t©VW#Ji,ilT 30 

o*e 9 6 &mmvm¥£rmm s p -kh- 
7. mm) . 

[00043 tsa+fcH****3*4fcii. 

£>6 (lil*flU lBfflWHS^«t J614HK 199 

5¥» ^28p-ZH-14. 28P-ZH-16. 
1996^. ffc$9a-ZF-3) . £?)M$8ft±. 

ftfiJBWfflBMiflWS tz&)&)i><?)X'lb O.GaAsi 
«<7)A s £NfcE£J8;tTG aNflfc*flfilC»jSl/0* 
4. Mfl^frfcLTtt, Hitf. ffit£iSS9 0 O^CT-N 
H3<910 0%#X£3 I /mi n£l OftSEU SI 
HWl/imgScOlSrGaNt^T^I.. 4fc. Ga 

As3HKJ:fc:GaNfcie«l/a>4fc*>» t£FJ@*S8i 
^<fct2O%e«$>0. £ftASUS<. JVtSAic 
HsSroTVvSrV^ Sffi<7>®i§Jg (ftlOnm) £ 
(tGaNJffcLTV^fiaiix&S (ABtt, fcEftB^ 
Wft mim. 1996^ ^7a-ZF- 50 
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2) . i*u4. mmm. (rf) TBSLfcasRr^xv 

*GaAsfflKfcSB»L"0*Sa*. S««D3[f|£B 
TttSK . 4fc4#fi*>G a N»»?jafcfcific«t6 £ 
[00053 

imWMfclXotLX^mm} I nG a A s N£ 
Jft£«*afctt. fiUtf* «11£flSCfiil££& (MO 
CVD) feJtiT. HSMfcl/OSHitCRF) 

fiff>lK¥L -r^i3*>T^i/y (AsH 3 K HJ* 
f/Wyy'W (TMI). hyxf-;^»J»>A (TE 

»Jd?*fco=W^-0*4. 4fc. '^raBfeiimt 

[00063 ZZX'l . 3 vmW£<7>mkW®Xm^ 
0bLX\^h I nGaAsN«lf<^WilJftl%t 

[00073 JJEBflS8B**tXK. ffiffl^^^ 
m »14H», 1995^, #^28p-ZH-1 
4. 28P-ZH-16. 1996#.^9a-ZF 
-3. 7a-ZF-2tlt G a A s «0A s Sr^MSS 

aaf**rtsJi*jft«-4*ffifcLT. tea* 
*i?timiiz&»iSB&>&iM&t&x. < sure* 4 

CfcfcfiifiU:. *HtJ3^-C{i. UnlWOVUoaRt 

jsmmzmmz. mz. *«w«*«fiasufc. tea* 
ovigaiffcstas?&wia*4*i6*jflv>6i: % sat* 

4. t^oAizm^Kit^wmm^o^mm^. 

[00083 
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x. vm&^tiit&famftttiikcT). ztvriMxom 

^mmwsLx. mmLizmovmmzwm 

[0009] *mrako ok. vm7tmz%ttiti&» 
^mw^xbn. mz\t \ 1 1 -vmte&m®#m 
&T&h. mmi nGaAst«< thmmz-kti 

&ZktfX'$Z>. 

[ooio] t'V xmsmiz&uxte. *<#j$tt 

fb/^ti mwtzmz. *mss.m%3:<&m 
^-zzkwm&tiz. xwrnza^xu. mmmizt 
*)ffimzi£fS&icox\ mmm®.. mzmmmss. 
zmBL*<®im-zzt#x'Z&. 'j?%<ti>gmzis 

tsfflWS&tMi* MIKE CRCelectron 
cyclotron resonance) F X"T 

■'To r rlXTizfcytimX'fol. ZCO^. EC R& 
£&A^7-3 0Wgj^ RF^^<7-2 0 0W 
WzX'X < . G a m<o%£lzmLX l ffiSl&hd 
\\ £K. g*gS4i>10sccmgJgT'J:<. Ztlh 
GaN^<7)%^J:0t«fSVHC/h$V>. 4*5:<fc 

wmz-kA,x*^xi>. &A,x-^%<xt>x<. 

&\.mmmz-<(tz>c\ti) t x'Zh. mmnza. ms& 
mffis&tmm&ztx: 

^v-b^RHEEDftiO i n-s i t u (*0) 

m mrc*&. mm. mmz^miz^< t i>m 

^mmco^^M.imsiLtz±x^fHi *w *m\x- 
m. 'j?%<ti>w.mz%tsttmmttz>z:tiz£*). 
m<r>z<m^mzmmz<k£it&zttfx'Z. mm* 
&ts~<m^m£%&zttfx-z&. mm. 
mmtitti&mmmmtt+ftizm&zti. tiz. 

•c**. *mwB&mt ixmx'$mm«x'*> 
s*\ mmzcoT'V xtf\s-i?x-t)&mz\i. *stt 

%$y-com$immmizm.%.?hmm&i>K 

xbi%Mi7-mizii^xmmmLt:mzm-tz> 
timx-bi. niz. mmztttmiiSy-mtL 
xm^zztiz**). mmmttZKx-z. ttzm 
&tt$<$mi-tzttfx'*i&. &®X'hh. 



(4) 8^10-152399 

6 

[ooin mm^< t hmm^mmmtth 
z t xmi^ntz mm* $ mmi z t 

[ 0 0 1 2 ] 2*:. f«f£J«5:< t bSS&trtttffi&ll 

ttt&iMt. 1 1 1 -vm&mm#m&mm 

^xmt^WzfyoZkizi *). WMiW&Ltzm 

zmmmzmiz z t a*c* & . zntzx o 

10 [ooi3]^^. mmmnwrnz x o . ngg«^> 
vyj^ry&cmpmtitttATXFm&ztttfLLx 
mnm?#Fmmt-tzztiz£*)mm*m 

[ o o 1 4 ] *mzm>h ^^mmimmmm 

m-mmmmmmmx-b^x. vm%tstt&M& 
mma&tz. >j?%<ki>wm&-kttti®zwtiLx. m 
m* Liz&ftcovmjcmzgmizwm-ixmtt tx 
tjo, m.mz)5^x. wmtfwmzti&mte. tm 
20 mtfmmzfitz&ftnm^mzmiz^mwrcb&z 

[0015] m-m&. gm#w8&tdzm<7>&*-<r> 
w&zi^xmth. mm. mmtfw&ztvrzmo® 

xlzo. m-mmimtxiiot. zcowwzx*) 

mix-mfcthmmk lxh&& i onmiarAi 

[ o o 1 6 1 if.rn.zmhh Ki&i>¥mtmmtm 
30 <mfSjrmmm<^-^mT<7)m vx-hi. it&m 
mmmmm<mmmTh^x . vm^tsfcswt 

mttx. mmLtz&#<7>vm7mzmmtzwm-& 
i><r>x'b*). mi&icomit. ma&&2(?>mizt=^xm 
mtzwmzti&vmjcmx o fcsasw«3*uc< v^v 

MM. 

40 [0017] zmpm. isis«^a &%cr> 
tiz. gmizm2tiiz<^®t:$:ts%%mm>x 

mx'<r>mm<?)wmt:WfflUz\,mizii. tomizg. 
mizmm^tuz^wmm^t-ttnix^ mi 

. I n G a A s t^^r< k t>MS J^tfttfi^BBJtt 
InGaAs^Tfc, 'J >^012:g{tTfc 
50 mi. 'Jy«4AsJ;0t^^(w<v^ BlrS«0®H 
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[0018] ja±a^T*fc»5Wi. m-t lt. & 
t hhlxh o . zomm&c?yfm£ m chutcs 

cotitiX*2 ox&mm&zw&uz *) . mmwwm 

£ffo*:S#OM*A*fcfcJ:*&%WT mizmtLK 

izzzxdizmimmtiimizime 

mft&zttfx-zh. %nzft®mt ixm^zmiz 
i*. &mmMm-thztwmrcbh. **:. a 
mzs&tt:®cr)±izm8.%£ ft ? miz mmz &mz 

[0019]**:. lulB^=5r< t i>mm£Hrtstim<m 

ffMMizX Off o ZttfTZZ. TyX-?fcL1zWMtf 

t'ommzizmMi. SR±«raHa*ufc«L zzx 
^izmMztixmft.Ltzmm*£.ti<7)X't)Z> . 
[0020]**:. t hgmz-ktsttmmii- 
miz. mmt&miz&tii&vmTmzmMLx 

[0021]**:. t ^mmtr-ttsttmrntt 
him<m. it£m*mft&£ , B<?)f8.fk an -vmit 

wm^ <t^^mii&img:Z-£z>j:mzti^x 
'j>%<thmmtiitstfmcomtim±Lx}5<c\ 

ttfmtlw **:. itizWmftgi&coi&Mt. 

[0022]**:. t itwmz&tsttmzmtt 
hxnotkizf8.g:Ztizmi) { . mmww&ztitz&w 

mmwwmztifzm<?>w&zmmtz> ztwx-z 

zm&Tttpffiikt Lxmmtfmmztuzmzm 
Rs»t6*fctt. m^mtthztizx*). zmnmt 
mzmvzzttfxzh. 

[0023]**:. 'y%< t i>mmz$tsttmimtt 
sawc wamtfLLx&z. &%<ti>wk*%xs 

^xm&tf$><mz.h&. &w.totzmm%i i i-vm 
*mfct:Mi&t&z\tffX'Z&. ztnz x om.'mm 

[0024]**:. Jhf2<0 J: 3 4*a"C»JfcU«H 
mi^Slgaf:-ti.^i:tJ: , 3. filial ^»JSJ;<^ 
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UzT'UzzmLxzh. muf^mfti'-vx'b 
h. z<7)*mfci<~w±m&izi>mi&. 
[0025]**:. m&m'ty yw??jj>&w> 
ft^#F«istio. mmmz&tit:*mfru-ifm<?) 

[0026]**:. ft^FfiSitfcJ: Or^M *tf>L£ 

^ffl^t'o^tt^^T^s**. %uz§>mm. i f-#pm 

jttcLTiJ;^. **:. 4^P*i&18S^I> ^ fc J: 9 
10 #6. 

[0 027] **:. GaAsfflS^fflU. #FShLT 
I nGaAs^±ie^-CS^Mat*:I nGaAsN 

fftl&l. 3jum*»£>l. 5 5/«m^c7)^(cafifflt® 

[0 0 28] **:. mtiBs-^ff&M <xt**5"r 
S5-tUGaAs/A 1 A s £JflV>&tf){;:tt;t 
T. Ga I n A s N/A 1 A s $:JilB^*S(-J: Oft 

20 

[ 0 0 2 9 ] X. *Wflfci 9ff*LfcV— -^ifc 

s£J>6 v^»i«E5:lnx.*:*tiS-CS<ifi^t*S tT^S 
[0030]**:. ±mttztt&1}mX'%&3ffi*ttf8. 

tffiis. ismjsmizmi2>. mmx-bht^om 

[003 1] 

ait. *^sj!t J; h im^mx-vm § <f ^ x 

®WZffi?. itf5flSlHltWTtt. n-GaAs 
40 S«l±fc. lj«infOn-GaAsA'77rI2. *g 
fS^lfclwmf^n-InGaP?77Kl3, 5 
0nmS<7)yyK-TGaAsjtffll:3^> (Separ 
ate carrier and optical C 
onfinement He t e r o s t r u c t u r 
e : SCH) 14. EQ8S*tf)5 nmfO/y H-7"I 
DGaAsl ( I nifW^l 5%. Ga^$8 5%) 
Jftf t-AXt^* y- (Chemical Be a 
m Ep i taxy : CBE) atiO^-TS. Cl<7) 
HI. TOt^ii. V^TC^t UT9 0 VCXfMMLtzT 
50 ;Pi/y(AsH 3 ).*X7^y(PH 3 )5:ffll\ I 
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I IfltftSifc LX h LM^vM Vi/*?1\ (TM I ) ,. b 
•JX^MT'Jtf.A (TEG) Jfcg?SJ©i5 50 

rfcU:. <£<7>&. &tgiSJg£80 0-Cfc:#ftLT. T 
)Vi/> fc E C Rfc J: 0 T^X^MLiz N ^S«t.Bg|fr 

vio^ r^ygfEa^o. isccm, n&S£ 

lOsccmtLt. io#mmuz. ECRW&A 

^»7-te3 0W. ESS<i*!>5XlO- 5 TorrTJ: 

GaAsg*^fl$UI$iVC I nGaAsNC^I,. 
[0032] ±mMmm%L<r)\ nGaAst*Hi 
(Wmffl&tf&tlKl nGaAsNSt% 7* WPS* 

•y-byx (PL) £J:9&fte-?&lb£JtSH-Sfc, 

Ipf J2 1 . 1 V mtfcSOt^ LX . 

=&Jil. 3jumt^ftfbLT^|»It*q8g§fl^. 

-Tilte, InGaAsfOAs i^-SBtfN fc^SflJt^ 

t&o. i. 3tiTtf§x%mhv~ fmmttxm 
mx'*hzk*im-t&. xmmizxi&=?%8sm 

tz. 

[0 03 3] HlfcMoT. 

fcftfc. WyyH-7GaAsA*ijril0nm, y 
yK-ri nGaAsS5nmSrCBEffifcJ:0^-r 
•5. -eLTffiafcg-fftWfctfVK InGaAsNU 
m-TS. ^S:5l5l^0iStT5we 1 1 ffi&^vStt 
Jf5fcU 5JIIOI nGaAsNfJrMLtit, 
5 0nmJ?tf>yyK-7°GaAs SCHJ16.. l//m 
JfcOp-I nGaP^77K!7, 0. 3jum5<7>p- 
GaAsay^^M8S-^LT^-ri>. Ctl(=J: 

-L&v^ft^we 1 1 «5I£J$ofcH 1 coftl£ 

[00 34] ^coXoiz^l^^MmicoXoiz 

mC9P— fkLXWmLtz. mBSBMWtfX&il,* l^ffi 
Ji#>2 0 m AX'h 0 . ^Xfil5gT#ttiBKTo ( Ztl 
WXZ^U. L&v^iSSKJt^S^fta^/jN$v^) 
£SB£U: To =1 5 0K#*§<5>iTJt. ^<7>fi 

fcL t£#<91 nGaAsP/I n P&-e<0¥J%W3rffi6 

T/l^ySUL Nc£*. £<0&fr) £ 

mx-zz. 

[0035] W±<rmmX'\& I nG a AsJf^ffiO 
SfcWifcfT&ofc**. j££l$fc:<>N£fK£U:GaI 
n N A s Zf8MLtzmzmmm& in-situM 

vSttJf <0^> H^>f TfyMim 1 £ PffltC. #FSO 
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1 0 

ZttfX'Zh. 

[0036] 9lilg*i]lL 10kll«4**nflik 

p®e>%&x'i>&. tt:. ^mmmx'iiyrfo^nm 
— f^ttxmmixhxw 

[0037]M2SffiM 

io » ^mmmmcommmizLx. m2mmz 

^-t«^B%3t^-1f i: LXtm^^t i>X'ZZ>. 
ZVMMz^XWmth. 02tfc^T. n-GaA 
sS«2 0 1±t. -fi!c'A/4i0f3«n-GaAs 
/AlAs20^r*»^^^KStS^-2 0 2. n 
-InGaP?77K1203, GaAsX^- 
04. HI fc^ttcOI nGaAsN/GaAs#IH 
&£>MQW}SttJl (^'LlOwe 1 1 ) 205, Ga 
AsX1-tf2 06, — S*U/4<7)Jf3<7)p-Ga 
A s /A 1 As 3 0^TA^^S^R»5 7-2 0 
20 7. p-GaAs3y?:?hB2 08£#fSHJlfc±S:S- 

[0038] ZCDtZlffim\£l Owe 1 1 
JPV I nGaAsN^M^tiSB^MgtBL 
TL£d*§£-i&&. mmmZI nGaAP 

mttx. #pmt&%fo<nm&m\Lxmfrfflm 

tfMZ1iMzmmLk£.3l$AX'lt ^tzt %<?>x V -/ 

>mt ixmrn^tzt. ztia. As^Ntsms 
n&wtiim?miz%%&i}foX'bz>MzttLx , p 
30 twm-z>ztttx.*)\,*~&}! l zm^tzibX'hz>. 

[0039] GaAsX^-1f®204t2 06J±iyg 

ttcr^twmi. w^mfcnwm%iL(omzwint>ix. 
mzm,xm&tmfrt>j8.ix^z>. i&&m2 o 5± 

g?^^RItS 5-2 0 7fcil^3y^^ FS2 0 8« 
egl0/xm<7)R)Bfc>'^--y^$^ Rlt57-2 
0 7t>J:tX2 0 2T-Mft^*<flSlK$ixTV^. S«2 
0 lffl*^fa6ft£JR9aj-3\ S«[2 0 lco 

Tffiiimwmmztix^&. 2 0 9(i^»Ji. 21 

0{±r7y^^hS2 0 8±fc^Sfl/c«ffi. 2 11« 
40 »S2 0 1 <OTffltmS*l3tiS*(7)®gTJ> 0 

[0040] ;««ft«BSTM3aRa8swiv^fc». mm 

mmitiz£^xm.L*\,mtfne>tL&. 

n G a A s P/ I n P^llha^affiftbWf bv^^ ^ 

[004 1 ] trz. mmmcoig,^ muszmmz 
50 %M$7-iz*m&miLxi>x\,\ mm. gmx- 



1 1 

!USL"t#7tGa I nAsN£ff|V\ ttl&Al Asb 

m®ixm$.y-b-?&zttfx'$z>. zmmzx 
i o o 4 2 ] m i , m2$mmx'te. ttmz^xn. 

1. 3um^t^oZtTl nGaAsffiMitizX^l 
nGaAsN^IL-Cl^A 5 . ffiCDI I I -V^flc 

■ctf^^ig-cj)!.. 1 1 immt LX In. G 

a.Al. VSOT^tLTSb, As. P&fc'£ffl*£ 

vtiam(D--&zmwmiz£'>xMzmmi-& 

mmmmtmrnx^i. 

*mizx&m&coim)}mvm3<D$mm±. s& 
k s& 2 (ommcox o izmmzmim^mmMmx 
*hzt mm lx . g?#pM*y K«jt£ s a«cr 

[ 0 0 4 4 ] SI 1 . 35 2 oHflftj t JiiSttJitfJffljgtf)* 

CO I nGaAs#FlMIL^C. 351. 3I2<9|| 

$mfrt>5nm<7)UZnmt££X'I nGaAs N3 
04fcSftU S l 92nmJiI nGaAs 303CO«® 
£&-oTU£. ClC03!!«lt0l^t'. 2nmJ5fOI nGaA 
s30 5. 5nmJ?<7)GaAsAiJ7Jf 3 0 6. 7 nm 
JPCOI nGaAstfl, 5 nmCDMZco&ttXMb V* 

5we 1 30ia?77 
FJf. 3 0 2{iSCHjfT*>£. 

[0045] ^a&igisfc-rs d tX\ g@^cOftX 

[0046]M4^a 

04fc:S1\ fUInGaAs#FMlOnmML 
T. g-ft3!^>&fc5nmJf<9I nGaAsf403, 
5nrafOI nGaAsN!404t^. £Wt^ 
3 n m©C0G aAsA'J7l4 0 5 •& i t T\ 

^OJo&fiijafc&S. 4 0Hi?7-yF«. 4 
0 2«iSCHlT'J>S. 

[0047] z^m^trnxa. jwma o 5an?i^ 
nxn^ h >*>vm&mm itzusmm-b 1 x& 

#*fiiMit:tfmiz}}^x&m$m-t&* + l>t£&a 
s i t-m^ h y^ivmxzx oTM^Frt cos 
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1 2 

Ym®mm itc^m^-^mM 
mmmmz-zh. 

[0048] c^tit. g-ftauio&fK •ft^j^^ 

T?yJ*t:ft^mm:f&mzttmZ> ZbWX'Z 

*m\&s.hWi5<rmim\i. asoj^tGaAsg 

10 iztx\ mwm&n I n G a A s N ZfmthlT 

[ 0 0 5 0 ] H5fi'j -/ : J&£&m&u$uz®^xm 
itzmmmx-hz. GaAss^oiitaisioo 

nm. tf y^-2 0 0nmC7)|Hl*f^5 0 25-}g^t. H 
lmmtmUlZI nGaP?77Ki503. GaA 
s SCH«5 04. I nGaAs#FJfS:Jft6-r&. 
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